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(54) OPTICAL FIBER WITH LENS AND METHOD OF MANUFACTURING THE SAME 

(57) An optical fiber with lens of a simple construc- 
tion cafi^le of taking in a flat beam of light efficiently 
and improving the optical coupling efficiency between * 
an LD and a fiber, and a method of manufacturing the 
same. Diagonal cut surfaces are provided on both sides 
of a center line passing the center of a core at an end of 
an optical f fl^er which is opposed to a light source or the 
outgoing light, whereby a wedge-like end portion is \ 
formed, a semicylindrical lens formed to a desired \ 
radius of curvature being thus provided at this end of the 
optical ffoer. Portions of a desired radius of curvature 
which extend in two orthogonal directions are further 
provided at this end of the optical fiber. 
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Field of Technology 
Technology in the Background 

5 f^'" an LD and an optical fiber, diveree combinations such as shown In Rg 

Disclosure of the Invention 
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fiber lens which enables a simple coupling method, in addition, as it is capable of accepting a flat beam, a high coupling 
efficiency can be obtained, and a flat beam can be used at a low cost, tt can present an optical fiber with a lens with an 
Improved coupling efficiency between a semiconductor laser and an optical fiber. 



5 Simple Explanation of Diagrams 

if * Fig. 1 shows three views of the shape of a fiber with a tapered cylindrical lens which depicts an example of this 
Invention. 

Fig. 2 shows three views of the shape of a fiber with a tapered elliptic lens which depicts another example of this 
'10 invention. 

Fig. 3 is a diagram depicting a manufacturing method of a f ber with a lens as an example of this invention. 

Fig. 4 is a diagram explaining the formation of a flat beam waist. 

Fig. 5 Is a diagram showing a beam coupling method for a conventional LO and a fiber. 

Rg. 6 is a diagram depicting the divergent angle of the emitting beam from an LD. 

IS 

The best form example of this invention 



Examples of this invention are explained below in reference to the diagrams. Rg. 1 shows three views of the shape 
of a fiber with a tapered cylindrical lens which depicts an example of this invention. Fig. 2 shows three views of the 
20 shape of a fiber with a tapered elliptic lens which is another example of this invention. Fig. 3 is a diagram depicting the 
manufacturing method of a fiber with a lens as an example of this Invention. Rg. 4 is a diagram explaining the formation 
of a flat beam waist. 

To form the fiber with a lens based on this invention, the wedge form fiber Is made by lapping a fiber from one side 
as shown in Fig. 3. When the fiber is lapped to the center, it is rotated 180 degrees to lap from the opposite direction. 
25 A suitat)le amount of lapping is used to produce a desired curvature at the tip. 

Figs. 1 and 2 are examples of those shapes. The result in Fig. 1 is a semicylindrical lens, which is suitable for a 
highly elliptic LD. Fig. 2 is a shape endowed with a focusing effect even for a divergent light in the Y axis direction in Fig. 
4. 

Next, by referring to Fig. 4, an explanation is given on the prindple of efficient entry of the light beam emitted from 
30 an LD into the fiber with a tapered cylindrical lens. 

The radius of the beam waist in the Y-axis direction at the window C of the LD 1 is denoted as cDy the radius of the 
beam waist in the X-axis direction is denoted cox. and the core radius of the single mode fiber (called SMF hereafter) 2 
is denoted as ox 

The distance, do, from the fiber tip A of the fiber with a tapered cylindrical lens to the beam waist radius, coq. inside 
35 the fiber with a tapered cylindrical lens is obtained. 

In the case of an SMF. the beam enters at a refractive index, NA = 0. 1 . On the other harKl. when the refractive index 
n of the fiber core 3 is n = 1 .465. and the core diameter is 2a> - 6^; from 
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40 e = tan " I ^ — I = 3.91 4 deg Equation 1 



and 



®y = <oo [ ^ = ^oj"^ +tan e(do) 



Equation 2 



7l+tane(do) 



Therefore. (Hq =2.9024 pm results from Equations 1 and 2. 
Conversely. 



tane(do)-7c-fi)o^-n c ^. « 

d 0 = =—5^ ^ Equation 3 
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In other words, from the general beam matrix equation. 



whereby <^ can be obtained. For example, when the curvature R 



Equation 5 



is known, an optimum curvature R can be obtained 
Similarly, from 



10 fxm, cDy = 1.32 ^m results. Conversely, when ©y 



25 



3D d = 15.22 urn is obtained. At this time, since a>, has no lens effect. 



Equation 6 
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Equatnn 7 



is e^ressed. For example, when do = 3.12 and oo = 2.9024. = 3.4 um results 
dtm«er'^th?s:.^pK=%rrr;n^^~ 

efficiency can be obtained "radiating window of (a>y/«,,) = ca. 1/3 - 1/S . canbe formed, and a highcoupling 

cent^ofr trS'TSS j:^:^^^^^^^^ ^^-^ « - the opt^, a.s to the 

wed^formbyJapping^25Mothe:^traJ^L"^^^^ 

Subs«,uen«y.thef^.^«n.hedtoacurva.ureo,R-^10».matL^^^^ 
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Claims 



1. 



2. 



was placed at thfe fip ^"^ ^ **«"a •'e bght source or emitting light, and a desired curvature 

An optical fiber with a pointed elliptic lens characterized by the fact that a rfia««n=.i « ^ 

wedge in one part of the end of an cotical fiber facino *o i '^'^ *° a 

placed in two orthogonal directions "''^ ^ ^'"'''"^ '"^'^^ "^'^ 
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3. A manufacturing process for an optical fiber with a tapered cylindrical tens characterized by the fact that a wedge 
form fiber was made by lapping the end surface of the optical fiber from one side of the fiber by mechanical grinding 
and lapping from one side, rotating 180° when lapped to the center of the fiber and grinding from the opposite direc- 
tion: and then tapping the tip to give it the desired curvature. 

£ 

4. A manufacturing process for an optical fiber with a tapered elliptic lens characterized by the fact that a wedge form 
<T * fiber was vna6e by lapping the end surface of the optical fiber from one side of the fiber by mechanical grinding and 

lapping from one side, rotating 180'' when lapped to the cerrter of the fiber and grinding from the opposite direction; 
then lapping the tip to give it a desired curvature and further lapping to give a desired curvature in a direction 
10 orthogonal to the above. 
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FIG. 4 
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FIG. 6 
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